
EXAMPLE ENGINEERING PROJECT
Project Summary

This student enjoyed tinkering in
the garage and taking apart old stuff.
They decided to use the Science Fair as
an opportunity to learn more about
electricity by trying to build a motor.
They did an engineering project
because it would allow them to build
and tinker with things.

Below are the steps they took
during the project. They spent a total
of six sessions using a note taking form
to guide their work (three sessions to
formulate their ideas and three to
build and test the motors).

Overall, the project was a
success. The student was able to
combine their early explorations with a

bit of research to build a knowledge
base that informed their motor design.
Once a motor was built, they were able
to play around with it to explore
possible improvements. The project
kept their attention for the duration.

The project could have been
stronger if they had done a few formal
tests with their motor and went
through the note-taking process more
times. Also, they weren’t able to figure
out a way of measuring the speed of
the motors.

Perhaps this example project
can be a reference for you as your
student works through their
engineering project.

SECTION A: FORM YOUR IDEAS
STEP 1: Find a Mentor

My mentor is going to be my papa. He’s going to help me through all the parts.

STEP 2: Choose a question or topic based on your personal interests

📖 Notebook entry: Topics of Interest
I like taking things apart like old CD players and blow dryers
I like circuits and electricity
I like to read, listen to music and dance

📖 Notebook entry: Questions OR Engineering Problem
I think I want to do a project about electricity. We have a workshop in the garage

with a lot of batteries and wires and parts from stuff I’ve taken apart. We have a box
of different kinds of motors.

I want to work on electric motors.
My engineering problem will be: How can I turn electricity into motion?

STEP 3: Build understanding by asking QUESTIONS & doing RESEARCH

📖 Notebook entry: Research & Explorations (using the Engineering Cycles Form)



Session Number,
Date & Location

Session #1           Kitchen              Dec. 22

Current Goal/Task
I’m trying to …

I’m going to take apart a small motor to see what’s in there.

Prediction
I predict …

I predict I’ll find a shaft, coils of wires, magnets (I’ve done this before).

Observations
I noticed …
I wonder ?

I notice grease, which I know helps like an oil so it can spin freely.

I see the shaft that’s in the middle. It’s what rotates.

The coils of wire wrap around the shaft inside the motor
compartment.

The coils are really long I think. Once I unwrapped one. Maybe I’ll try
that again.

The coils of wire are wrapped around 3 outer parts of the shaft. It’s
like 3 little spools made of steel with an outer covering.

The magnets go around the shaft and coils. They’re stuck to the inside
of the motor so I can’t get them out.

On the outside there’s a place for wires so the electricity can get in
and make the motor run.

Conclusion
I think …
Maybe …

Perhaps …

I think something really important is called a magnetic field. It’s the way
magnets attract to each other. It seems like there must be a magnetic
field inside this motor when it’s running.

Adjustments &
Next Steps

I’m going to try ...

Next I’m going to unwrap the wires because I want to see how long the
wires are in total.



Session Number,
Date & Location

Session #2           Kitchen              December 27th

Current Goal
or Task

I’m trying to …

I’m trying to explore the coils of wire that I found inside the motor
during the last session.. I think these are electromagnets.

Prediction
I predict …

I predict If I put current through the coils there will be a magnetic
field. Also, I predict the wire will be really long if I unwind it.

Observations
I noticed …
I wonder ...?

I notice the compass moves (in every which way) when I put the either
side of the motor on it, even without any current. The same thing
happens with a metal screw.

A metal staple does not attach to the motor or the metal screw.
Neither of them are magnets.

When I ran electric current through the motor, I noticed the compass
moved a bit. Also, the staples could stick to the shaft but not the
“outer parts” around the coils. Running current through a screw did
not move the compass.

When I was unraveling the coils of wire, they were really long and they
broke easily. They were really really thin. I got one coil unwrapped
without breaking it and it was 81 cm long.

3 x 81 cm = 243 cm total length of coils

The wires were insulated with some kind of coating. When I used the
wire to make a circuit, it only lit the light if the ends were
sand-papered down.

Conclusion
I think …
Maybe …

Perhaps …
It seems like ...

I think compasses have a magnet in them, so it will be attracted to
anything that attracts a magnet (like a metal screw).

I think the coils of wire help by attracting the main magnets to make
the motor spin when electricity is flowing.

Maybe the wire is so thin because it doesn’t need to conduct so much
energy.

Perhaps the wire is so long because the longer the wire the stronger
the electromagnet. I don’t know why.



I’m also not sure why the wire is insulated.

Adjustments &
Next Steps

I’m going to try ...

Next, I’m going to do a little research about electric motors to see
how they work.

Session Number,
Date & Location

Session #3           Kitchen              January 2nd

Current Goal
or Task

I’m trying to …

I’m trying to learn more about electric motors by doing some research

Source The Way Things Work, by David Macaulay        P. 300-1

Quotes 1. “In a simple electric motor, direct current is fed to a coil that
can rotate between the poles of a magnet.”

2. “The magnetic field of the coil and that of the magnets interact
and force the coil to turn”

3. “The magnetic forces are close and have the same direction. This
produces a strong repulsion between the magnet and the coil.”

4. “The coil drives the shaft of the motor.”

In my words …
1. DC flows through a wire that

can rotate between the two
sides of the magnets. The two
sides are the two poles: north
pole and south pole. The
magnets are lined up so they
attract, or want to come
together. But the magnets are
attached to the motor casing
so they won’t come out.

2. When electricity goes through
the coil, it creates a magnetic
force. It’s like a marriage
because it gets together with
the magnetic field of the
magnets.

3. The forces are pushing away each other … like two people that



don’t want to marry. I have no idea why that makes the whole
thing spin.

4. The moving coil turns the shaft because they’re connected, so
that’s the motor in action.

STEP 4: Write a Hypothesis that includes an explanation

📖 Notebook entry: Hypothesis
I think my motor is going to need a coil of wire, some magnets and some batteries.

Changing any of those things will probably change how my motor works.

STEP 5: Plan your experiment or your engineering design challenge.

📖 Notebook entry: Solution Criteria (ENGINEERS ONLY )
Define the problem:
Make electricity turn into motion

Name your solution:
First, learn how a motor actually runs.
Then, build a motor myself that turns when I add power.

How will I know if I’ve succeeded? (list of criteria for success):
● I can describe the main parts of a motor and how they work together to

make the shaft spin.
● My motor turns or spins right when I give it power
● A bad motor means I have to fiddle with it a bunch or it doesn’t spin by itself.

List constraints/ limits:
I’ll use 9 volt batteries to run the motor.
I can’t spend a lot of money on it.

Name measurable outcomes:
I don’t know how to measure how fast something spins. I won’t have measurements.



📖 Notebook entry: Materials (for experiments and engineers)
● Hobby motors
● Batteries
● Insulated copper wire
● Alligator clips

● Round magnets
● Paperclips
● Compass

SECTION B: CONDUCT YOUR TEST

STEP 6: Conduct the experiment or engineering design cycles.

📖 Notebook entry: Design Cycles (ENGINEERS ONLY)

Session Number,
Date & Location

Session #4           Garage              January 9th

Current Goal
or Task

I’m trying to build an actual motor.

Prediction
I predict …

I predict if I build the motor correctly, something will spin when I turn
it on … give it some power.

Observations
I noticed …
I wonder ...?

Built a coil of wire by wrapping it around a tube and sandpapered the
ends so electricity can get into the coil. If electricity can’t get in, then



what use will the motor be?

When I put the coil into the metal stands, it spins freely. When it starts
spinning, it goes for a short period of time and then stops.

The first time I put the power on, the coil actually spun by itself (only
if I included 3 round magnets).

The coil moves once in a while. It fiddles around itself. It changes
directions. Sometimes it appears to be frozen.

I tested the magnetic field of the magnets with a nail and I noticed that
it was strong where the coil was.

I notice I need an extra magnet on one of the sides to get it going.

Conclusion
I think …
Maybe …

Perhaps …
It seems like ...

I think the coil needs a big magnetic field and some electricity (juice) to
move.

I think the motor is sort of crabby. It’s not a very good motor
because it doesn’t always spin when I turn on the switch. Also, it should
only spin in one direction.

Adjustments &
Next Steps

I’m going to try ...

I might add more power next time.

I could try more wraps for the coil. This one was about 80 cm.

The wire ends are very thin. Maybe a thicker wire would behave more
goodly.

I should also keep experimenting to find the best spots to put the
magnets

Session Number,
Date & Location

Session #5           Garage              January 22nd

Current Goal
or Task

I’m trying to test out a few other motor designs

Prediction
I predict …

I predict each design needs to have 3 things: a coil of wire, a battery
(electricity) and a magnet



Observations
I noticed …
I wonder ...?

The Neodymium Motor
I notice the magnets are really strong.

I notice the copper wire spun for a couple of seconds, then it
stopped. When I touched the wire it felt warm because the current
was running through it. So did the AA battery.

The Neodymium Train
I notice that the train doesn’t work. It just sits there.

When I watched the video, I saw the battery went through the coil. The
one I made doesn’t even move.

But, the battery is warm. Some current has to be flowing.

The battery is having a hard time slipping through the coil.

My Basic Motor (with Neodymium magnets)
The Neodymium magnets didn’t really work.

I took some of the normal magnets and tried it out for a while and it
worked again.

Conclusion
I think …
Maybe …

Perhaps …
It seems like ...

The Neodymium Motor
I think the magnets must conduct electricity because the motor
works and the tip of the copper wire was touching the magnets. Also,
I used a multimeter to test the magnet to make sure electricity can
flow through it.

The Neodymium Train
Maybe the battery isn’t strong enough? Current was flowing because
the battery was warm.

Maybe more magnets would help. I tried with 2 and 4. Nope, 6 didn’t
work either.

Maybe the coil needs to be straighter because the battery can’t slip
through very well.

My Basic Motor (with Neodymium magnets)
Maybe the Neodymium magnets are too strong?

Adjustments &
Next Steps

I’m going to sort some of my motors and label them with my label



I’m going to try ... maker for the display at the science fair.

Session Number,
Date & Location

Session # 6          Garage              January 29th

Current Goal
or Task

I’m trying to make some different coils that might spin better.

Prediction
I predict …

If the coils are lighter, then it might spin.
Maybe if the coils are thicker, then it might not spin.
If the shaft is bulkier, then the motor might behave differently.

Observations
I noticed …
I wonder ...?

With the bulkier shaft, the coil is looking more stylish (prettier) and
also straighter. When I add power, it looks like it does the same thing:
wobbling back and forth, but not spinning around in a circle.
When I made a tiny coil it wasn’t spinning. It wobbled. When I flicked it, it
turned but not for long. It wasn’t as good as my other one from
today.

Conclusion
I think …
Maybe …

Maybe the first ones I made were too heavy to spin?
Maybe the small one is too small for some reason.

SECTION C: EXPLAIN YOUR RESULTS
STEP 7: Interpret the results.

📖 Notebook entry: Conclusion
I learned how motors work, so I met that part of my goal.

● The magnets have a magnetic field.
● When you turn on the power, the coil of wire has a magnetic field, too.
● When those fields “play together” they make the shaft spin. I don’t really know

how that works.
I ended up building a “bad” motor (according to my definition).

● My motor doesn’t spin by itself when I turn on the power.
● It’s fiddly.
● My motor doesn’t have a housing for the magnets. Maybe that’s a reason it

doesn’t work as well.



● It does spin sometimes. Sometimes it swings back and forth like a servo
motor.

📖 Notebook entry: Reflections

Overall, I think the steps I took on this project were good. I did a lot of work. Even
though the motor didn’t spin very well, it was still a cool motor.

Electric motors are important because they do everyday stuff:
● They blow air around the ovens.
● They help drain dishwashers.
● They pump cool air through the refrigerator.
● They vacuum up dust and dirt on the carpet.
● They help coffee makers do their stuff.
● They help cars drive.
● They made old cameras zoom in and out.

If I had more time and could expand my project, I would do a few things to test the
motor I made:

1. Try thicker wire to make the coil.
2. Try more current than one old 9 volt battery.
3. Use the neodymium magnet to make some weaker magnets to try in the

motor.
4. I could do more research on the computer about motors.
5. I also need to learn more about AC motors and electricity because all this

time I’ve been working with DC motors and electricity.

SECTION D: SHARE YOUR PROJECT
STEP 8: Design a Poster Board Presentation

Purpose:
This project sounded like fun. I like exploring motors. I like taking things apart.

Summary of Background Research:
1. When electricity goes through a coil in a motor it creates a magnetic field.

● This magnetic field is like a marriage because it gets together with the
magnetic field of the casing magnets.

2. The casing magnets help the motor spin.
● If there were no casing magnets there would only be one magnetic field. The

motor can’t spin with just one magnetic field.
● The casing magnets are attached on the bottom and top of the housing or

base.



● The poles of the casing magnets are trying to attract each other.

3. The moving coil turns the shaft because they’re connected.
● That’s the motor in action.

4. Prior Personal Experiences
● I knew you needed to put electricity in a motor or it wouldn’t spin.
● I knew that there were three coils and they were wrapped really long.
● I knew there were magnets glued in the housing.
● I knew electric motors were around a lot in everyday life.



Summary of Engineering Cycles
note: this table was formatted in landscape view on multiple sheets of paper that were glued together

Goal or Task Observations Conclusions

#1 Take apart a
motor to see
what’s in
there.

I found 3 coils of wire.

The coils were around a shaft.

Magnets were glued inside the motor
housing.

I think a motor needs:

1. Power (juice)

2. Magnets

3. Coils

4. Shaft for spinning

#2 Exploring the
coils of wire.

Using a
compass to
notice
magnetic
fields.

The coils are really long. One was 81
centimeters!

Two magnets attracted or repelled
each other when they were close
together.

The compass moved a bit when I ran
electricity through some wires.

Perhaps the coils of wire create
enough magnetic force to make the
shaft spin.

#3 Background
research

See background research section on
board

#4 Building a
motor.

I made a coil out of thin red wire with
two arms on it.

I put the coil into paperclip stands and
it could spin freely a little bit.

The power was a 9 volt battery. I
tested the battery with a multimeter to
find a good one.

I put three round magnets under the
coil and I noticed that the coil could
spin by itself and keep going.

It was a bit “crabby” because it

It seems like the coil needed
magnets and electricity to move.

Because the motor spins in both
directions, it’s not a very good
motor.

The coil isn’t very big, so maybe
that’s why it doesn’t spin all the
time.

Maybe the problem is the magnets
aren’t in the right places.



wouldn’t go all the time. We had to
fidget with it a lot.

#5 Testing other
motor
designs.

The Neodymium Motor

The neodymium magnets are really
strong.

The copper wire spun for a couple
seconds and then stopped.

The copper wire was warm.

The Neodymium Train

The train never worked.

The neodymium magnets must
conduct electricity because the
motor works and the tip of the wire
was touching the magnets.

The current was heating up the
copper wire.

The battery might not be strong
enough to move the train.

Neodymium magnets on the
original motor might be too strong.
They didn’t help it.

#6 Make
different coils
that might
spin better in
my motor.

The bulkier shaft made the coil look
more stylish and straighter.

The tiny coil wobbled and didn’t spin
well. It wasn’t as good as the bulkier
one.

Maybe the original coil was too
heavy to spin well?

The tiny coil might be too tiny for
some reason.


